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ABSTRACT
Water is arguably the most important resource to any individual;
especially in areas of deserts and open oceans where drinkable water
suppliers are scarce. The prototype Solar Desalination Unit allows normally
undrinkable water to be distilled into a potable source with minimal inputs.
The unit’s main power source is focused sunlight to thermally heat water
inducing evaporation which is then condensed and collected. While
solar desalination has been around for many years, lately more complex
designs have been investigated in order to increase yields and efficiency.
This paper focuses on the design, construction and testing of a Multi-Plate
Solar Desalination Unit. The layered plates allow for multiple evaporationcondensation cycles with the same energy input thus increasing
efficiency.
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DISCLAIMER
The university makes it clear that the information forwarded herewith is a
project resulting from a class assignment and has been graded and
accepted only as a fulfillment of a course requirement. Acceptance by
the university does not imply technical accuracy or reliability. Any use of
the information in this report is made by the user(s) at his/her own risk,
which may include catastrophic failure of the device or infringement of
patent or copyright laws.
Therefore, the recipient and/or user of the information contained in this
report agrees to indemnify, defend and save harmless the State its
officers, agents and employees from any and all claims and losses
accruing or resulting to any person, firm, or corporation who may be
injured or damaged as a result of the use of this report.
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INTRODUCTION
Clean fresh water is the key to survival, whether in a high desert or sailing in a
tropical paradise. Today two practices are used for cleaning salt contaminated
water. The first is reverse osmosis which utilizes a semi permeable membrane
and mechanical pressure to separate clean water from a salty source. The
second uses heat energy to vaporize water and then re-condense the vapor
into clean water. The focuses of my senior project will be on producing a small
solar still for cleaning salty or contaminated water with special consideration for
use on a sailing vessel. Design constraints will include footprint, daily capacity
and the rocking motion of the ocean.
Palmary research suggests a solar still is a proven and feasible solution for
creating clean water, although most of today’s sailing ships either use reverse
osmosis or holding tanks. The project will encompass designing, construction
and testing of a solar still specifically built for a small boat. A few design
concerns will be size/shape with limited deck space, the rocking motion
splashing salt water into the condensation plate and be rouged enough to last
in the last ocean environment.
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LITERATURE REVIEW
The design and construction of a solar still for applications on a sailing vessel
lends its self to unique design criteria as well as many currently studied problems.
My challenge will be combining numerous concepts; many of which were only
studied in controlled environments.
One still design which may lead to promising results utilizes the fundamental
principal of a forced air evaporator. The design pictured below, uses a fan to
direct the moisture saturated air directly to the condenser rather than
convection or molecular randomness. According to Gyorgy Mink this design
yielded three times the volume of freshwater considered to the conventional
plate still (Mink, 1997).

Figure 1. Schematic diagram of the solar still with energy recycling
(Mink, 1997).
One key issue when utilizing any solar device is the orientation to the sun. A
paper written by Huseyin Gunerhan, Determination of the Optimum Tilt Angle of
Solar Collectors for Building Applications did just that. The optimum angle is
calculated by searching for the values for which the total radiation on the
collector surface is a maximum for a particular day or a specific period. On a
ship latitudes and longitudes will be varying and thus solar equipment will need
adjusting. His paper gives equations to determine the optimum angle. This
leads to the next issue, tracking.
Discrete Two-Positional Tracking of Solar Collectors written by Teolan Tomson
discusses the efficiency gained by tacking the sun. The tracking drive is simple
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and requires a minimum energy input during the brief daily triggering of
movement. Results indicate that the seasonal energy yield is increased by 10–
20% over the yield from a fixed south-facing collector tilted at an optimal angle
(Tomson, 2007).
On a sailing ship wind fall under a necessity but unfortunate for solar still they
can hamper their effectiveness due to removing useful energy. Proper
consideration and still shape will minimize the effects. A.A. El-Sebaii wrote,
Effects of Wind Speed on Some Designs of Solar Stills. This paper studied the
typical flat plate still, the V trough plate still and the double story flat plate still.
Other interesting concepts to note were utilizing the air as a pre-heater if warm,
or as a condenser if cold. The paper outlined possible design variations, but
none were tested.
Solar Still versus Solar Evaporator: A Comparative Study between Their Thermal
Behaviors written my Ernani Sartori describes in depth the thermo dynamic
characteristics of the two different but similar systems. The difference between
the systems due with how water vapor is handled, the evaporator discharges
the moist air to the atmosphere while a still catches and condenses the vapor.
He showed, among other things, that the evaporation in the solar stills is much
less than that in open solar evaporation despite the higher water temperatures.
This is also true even when the water temperature of both systems is the same. It
is also observed that the distillation and evaporation rates increase with the
increasing water temperature and temperature difference (Ernain, 1995).

Figure 2. Schematic of the weir-type solar still
(Sadineni, 2006).

Innovative
weir type designs were investigated. S.B. Sadineni wrote an entire technical
journal article on the subject, Theory and Experimental Investigation of a Weir-
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Type Inclined Solar Still. Current research of this design incorporates important
ideas overlooked by the simple plate still. The weir focuses on a thin water film
over a dark photo absorbing material. The concept lies in the heat capacity
and latent heat of vaporization of water. The small amount of water warm more
quickly, far faster than a reservoir of a few gallons; the hotter water also
vaporizes more quickly leading to more vapor produced over same period.

Figure 3. Side view of a Multi Plate Still (Jubran,
200).
The most promising technology found was the multi plate still. The advantage
gained from stacking evaporation plates leads to a greater efficiency. Water is
from condensation as energy passed from the vapor stage to another surface.
The multiple surfaces in line of the flow of energy reuse normally lost energy. The
solar still consists of three insulated stages placed on top of each other. There is
perfect sealing between the different stages such that the water vapor which
evaporated during the boiling can pass only through the small orifice that
connects two stages. Vapor generated in stage 1 condenses on the inclined
bottom of stage 2 and inside the orifice passing through it, giving its heat to the
water in the next stage. The rest of the vapor expands through the orifice to join
the vapor generated in stage 2. This expansion accelerates the rate of
evaporation. The same thing happens again between stage 2 and stage 3 and
the condenser (Jubran, 200). The daily solar still productivity can be up to 9
kg/m2, and the distillation efficiency is 87%.
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Figure 4. Multi Plate Still
output.
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PROCEDURES AND METHODS
Design Procedure
The Multi Layered Solar Distillation integrates heat transfer with energy collection
to produce clean distilled water. The entire unit should fit on a 3ft by 10ft
footprint to simulate the available space on a ships aft deck. The goal is to
produce 3 liters of water per day which will support the needs of two people.
An assumption being made is any extra water will be held not in the constraining
area, possibly in a pre-integrated tank in the ship. Another consideration is the
lack of electricity, any electrical power required must be generated on site.
Lastly, weatherizing for ocean conditions should be considered to increase
service life.

Figure 5. SolidWorks rendition of the Solar Desalination
Unit.
Parabolic Trough. Parabolic trough concentrates sunlight through the use of a
reflective material, usually a silvered-metalized film. The focused thermal energy
may then be used for a number of purposes. In this case, the thermal energy is
pumped into the low section of the multi plate still as the power source
evaporating water.
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Figure 6. Parabolic focusing.
The parabolic trough dimensions were chosen to maximize collector surface
area and allowing for a manageable size. Ideally parabolic troughs should be
long to increases the opportunity time of passing fluid, although opportunity
time can also be adjusting by changing the flow rate. Ultimately the design was
governed by the availability of materials. For example, the 2” thick walled Pyrex
tubes used for vacuum insulation came in 4 foot section without drastically
increasing the price for a special order. Secondly, the ReflectTech film to used
create the mirrored finish came in 4ft wide rolls.
The equation uses to describe a parabolic curve is y=x^2/(4f) where f is the focal
distance from the origin. In planning for further expansion of the system to
incorporate two solar troughs, consideration of storage became an issue. Solar
troughs are both fragile and awkwardly shaped. The final vision for storage of
the two troughs is to configure them bolted face to face protecting the
reflective film along with blocking sunlight from entering the collector. In order
to bolt them face to face, the focal point must be located in the trough unlike
many commercial scale systems. For this design an 8 inch focal distant was
used, the parabolas top edge is at 10.25 inches. Once the center collator rod is
installed; 1 inch of clearance should still exist.
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Figure 7. Parabolic trough
design.
The chosen design is to make a 48” by 38” solar trough with plywood batons
every foot for structure and forming the fiberglass into the parabolic shape.
ReflecTeck metalized film will then cover the fiberglass. The collection rod will
be a ½” copper pipe painted black placed 8” off the bottom of the collector.
To further insulate the collector a 2” Pyrex will be placed over the copper rod to
allow a vacuum to be produced. Vacuum insulation is equivalent to R200-R300.

Figure 8. Cutaway view of Multi plate still.
Multi Plate Desalination. The multi plate desalination unit gains productivity by
reusing the latent head of vaporization/condensation. As thermal energy enters
the lower most section, fluid begins to evaporate. The latent heat of
vaporization of water is 2260KJ/Kg which is the majority of the energy
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requirement for producing distilled water. When the water vapors condensate
this energy is released. The multi plate still captures the energy released from
condensation by allowing it heat the next stage. This design has four stages to
collect fresh water and increase efficacy.

Figure 9. 4’ by 10’ Sheet layout of stainless steel.
The dimensions were chooses for to maximize the condensation surface area
along with maximizing a 4 foot by 10 foot sheet of stainless steel. Appendix C
contains the detailed sheet layouts along with dimensioned part drawings. The
three center section measure 18 inches by 18 inches and 10 inches deep with a
1.0 inch lip where (5) ¼” holes are spaced per side for means of securing the
sections together. The lower heat exchanger section is 2 inches deep with the
same 1.0 inch lip and hole pattern. This section also contains two separate
stainless steel heat exchanger systems. The top section is identical to the middle
section except that from the condense plate up has been removed to allow
energy to vent to the atmosphere.

Figure 10. Initial design for the middle condenser
units.
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Supplemental Power and Pumping. A deep cycle battery with trickle charger will
supply the electrical power required by the small electric pump. The centrifugal
12v DC pump was selected for a low power consumption and stainless steel
construction.

Construction Procedure
To reduce cost, recycled materials were used where ever applicable. All the
plywood was reclaimed from old shipping crate material and the white
fiberglass sheet used for the parabolic trough was a concrete pylon form.
Parabolic Trough. To begin construction of the parabolic trough, five pieces of
plywood were ripped to 38” by 26” section eventually becoming the structure
which holds the fiberglass in shape. The parabolic shape was then transposed
using basic graphing techniques, setting the 0,0 origin center 19” (X direction)
from either direction longwise and 10.25” (Y direction) down from the top edge.
Parallel lines in the X direction were constructed every inch a large square,
following the table in Appendix B positive distances along Y were measured at
the corresponding X. This procedure creates the parabolic shape to be cutout.
Cut all (5) plywood section in this manner.
To allow the trough to better track the sun, 14” by 14” triangle was removed
from each corner. This allows the unit to securely sit at a 45 degree angle facing
both directions. Now the plywood batons must be attached, (8) plywood
pieces were ripped at 10” by 11.5”. There are to be the spacers between the
batons, not the total distance when adding the baton thickness and the 11.5”
spacer should equal 48”. Depending on the thickness of plywood the spacer
length will need to be modified. To adequately secure the plywood spacers, a
1” backing of scrap wood was added. This insures proper bit for screws.
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Figure 11. Plywood baton
Figure 12. Fiberglass installed into the
frame.
frame.
The constructed plywood baton frame was then painted with Latex 20 year
paint in locations which would be inaccessible once the fiberglass was installed.
The fiberglass section to the installed in to the baton frame was cut off the larger
section in the dimensions of 48” by 42.5”. When cutting fiberglass use a
respirator. Nine screws were used per baton to secure the fiberglass. Small pilot
holes were drilled to insure contact with the wood before using a larger bit
countersink the screw heads. To insure the fiberglass and wood batons would
not separate in the future under load, a heavy polyurethane construction
adhesive was liberally applied at all contact surfaces.

Figure 13. Installed ReflecTech film in parabolic
trough.
The ReflecTech film has a pressure sensitive sticker backing designed to adhere
to smooth non-porous materials. Unfortunately the fiberglass tube was not
smooth enough, the woven fiber pattern shown through the resin. To overcome
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this hurtle, a liberal application of polyurethane construction adhesive spread
thin with a putty knife filling the inconsistency in the fiberglass tube and
supplying additional adhesion.

Figure 14. Parabolic trough with vacuum
insulated rod.
The finished parabolic trough with the in black copper collector rod installed
can be seen above. After initial testing on the sunlight, the focus was less then
desirable. To compensate for this, a strip of ReflTech was adhered on the
forward face to refocus the light.

Multi Plate Desalination. The multi plate still is entirely constructed of stainless
steel. All the pieces were plasma cut from a 4ft by 10ft 16 gauge stainless sheet
steel, the layout can be seen in the design section.

Figure 15. Assembled middle condenser
stages.
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The three identical middle sections, seen above, are constructed from two main
pieces and eight small corner section. First the SolidWorks drawings were
converted to a .Dxf in order for FastCam to recognize the image. FastCam
interfaces with the CNC plasma cutter to describe cut path and cut order. The
outside frame work was a flat sheet folder to shape. The original sheet was bent
with the break in shop 6 to create a U channel type shape, where the 1” tables
were bent up. The U channel was then with the smaller finger break to create
the box shape. The last bend would not fit into the machine, so ingenuity and a
hammer took over. Using a 2” by 4” solid stock steel bar with clamps, the last
bend was hammered out. The one seam was TIG wielded finishing the box
shape. The condenser sheet was bent to a 22 degree angle then tack welded
inside the box.
The welds between the condenser sheet and the outside box frame must be
water tight. To insure good welds, everything was sandblasted, welded then
leak checked with water for 10 min. Any visible moisture leaking through was
marked and re-wielded. An internal lip was welded under the condenser sheet
from 3” strips of stainless steel. The lip was designed to reduce the possibility of
splashing salt water onto the condenser sheep and to catch the water
condensing and sweating off the sides. To insure good drainage of the
condenser catch, a 1” difference was made from the outlet to the opposite
side. From the picture above, the outlet is bottom left. The larger ports on
either side are for managing the water levels on the condenser plate. The white
line around the top is a ¼” bead of multipurpose silicone calk rated for 400
degrees working temperature. This allows for a water tight connection between
layers.
The top section is essential identical to the middle section yet designed to be
the end cap. It only acts as a condenser, the energy entering the system at
bottom escapes through the top into the atmosphere. Heat fins or an
evaporative cooling system would increase the production rate of water by
increasing the difference between the hot and cold reservoir, thus increasing
energy flow.
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Figure 16. Assembled Lower heat
exchanger.
The bottom piece was
a single sheet with four small rounded corner sections.
The finger break was used to create the elaborate order of bends. The main
tabs with the 1” strip were bent, and then the 1” tabs were bent later. The TIG
welding joined the water tight seams. As seen from the picture above, two
separate # 5 stainless steel heat exchanger systems were installed, along with ½”
PIP thread holes for added flexibility.

Figure 17. Assembled layers
Figure 18. Complete assembly with
andlayers
silicone
The subsequent
aregasket.
then stacked to hoses
make the multi plate desalination
unit. Site tubes are installed to monitor the water level in each layer and side.
They also allow salt water to be added or removed from each section.

Testing Procedure
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Testing has proven to be more challenging than first expected. I miss judging
the local micro climate in Los Osos; the early summer is notoriously foggy. A
thick marine layer lingers until early afternoon then clearing about 3pm. By this
time the strongest isolation has passed leaving 2-3 hr of usable poor sunlight.

Figure 19. Operating Solar Desalination
System.
The majority of the test is diligently waiting and physically adjusting the solar
trough to track the sun. The solar desalination unit consists of three major
components; the solar trough, the multi plate still and the electrical system. To
begin, the multi plate still should elevated 1 ft to insure proper drainage of clean
water into collection bottles. The solar trough is then connected to the heat
exchanger system. The electric fluid circulator pump should be installed
pumping into the solar collector. The reasoning behind the pump location is to
minimize its exposure to hot water; this ideal is the coolest location of the
coolant system.
Once the sun is out and the pump is turned on, it will only be a matter of time
until clean water begins to flow from the small tubes. The clean water from
each stage should be collected individually to should how each level is
performing. Periodically throughout the day the solar trough should be
repositioned directly facing the sun.
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RESULTS
Due to the unseasonably cloudy weather in Los Osos, the solar desalination unit
was only tested 2 times, twice with extremely poor results from partially cloudy
days.
The solar desalination unit ran from 10am till 3pm. The total volumes collected
per stage are tabulated below along with the solar radiation for the given day.
Run 1# was completed on June 15, 2009 and run # 2 on June 16, 2009. Previous
attempts were made except the cloudy weather did not allow for usable results.

Stage
Run
1
2

1
0.423
0.705

2
0.235
0.3525

3
0.141
0.2115

4
total
0.1175 0.9165
0.1175 1.3865

Table 1. Result from Multi Plate Desalination
Unit.

Table 20. Solar radiation for June 15, 2009. (Weather,
2009).

Table 21. Solar radiation for June 16, 2009 (Weather,
2009).
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Table 22. Graphical comparison of the two
tests.
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DISCUSSION
Until begin the construction of the Solar Desalination Unit I had never attempted
to accurately construct anything from sheet steel, not to mention stainless steel.
The 18 gauge proved to warp easily when being welding and on numerous
occasions I liquefied the sheet left with the task of repairing holes. When Dr.
Zohns cutout my original pattern, we ran off the stainless sheet leaving three
section ¼” shorter than required. The precision pieces no longer fit correctly
leaving a large gap which to be welded closed as best as possible. When the
construction was all done, all the sections were slightly warped and required
hammering to line up the bolting lip.
The parabolic collector did not meet my expectations and I believe led to the
poor water production results. Accuracy was lost when each baton was hand
cut with a jig saw. The stiff fiberglass overlay smoothed some inconsistencies yet
did not tightly match the cut pattern. Deviating form the pattern improperly
focused the light, reducing the effeteness of the parabolic trough. The screw
orientation into the plywood batons were less then desirable, screwing parallel
to the plywood layers leads to splitting.
During the construction process, the angles on the condensation catch lip were
changed. Originally all the angles were the same at 60 degrees, although such
angles reduced the space between the condenser sheets and provided less
splash protection. After cutting a few sample sections, 134 degrees was used
parallel to the condenser ridge and 55 degrees perpendicular. By increasing
the angle a greater gap was produced near the condenser.
Cost Analysis
To fulfill the design requirement of cost, the entire project was to cost less than
$1,500. The costs were tabulated by material and price not including tax or
shipping. Many of the materials used for this prototype were order online from
special industries such as the Pyrex tubes and ReflecTech film. Labor was also
not calculated do the unpredictability of creating prototypes.

Material
18 gauge T-304 Stainless Steel 4ft by
10ft
Marine Dual purpose Deep Cycle
battery
2" OD Pyrex tubes
20' 0f 1/4" vinyl tubing

Quantity

Price

1

$ 260.00

1
4
1

$
$
$

79.99
88.38
4.98
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10" of 1/2" vinyl tubing
1/4" brass barbs to PIP
1/2" brass barbs to PIP
Polyurethane adhesive
10' of 1/2" copper water pipe
3/4" hose to 1/2" PIP
3/4" female-female hose fittings
Copper to 1/2" male PIP
1/4" cobalt drill bit
1 lb 1/4" by 3/4" bolts
1 lb 1/4" washers
1 lb 1/4"-20 nuts
1 qt. outdoor latex paint
Paint brushes
1/2" pipe insulation
ReflecTech film 4ft by 11ft
Total

1
4
10
2
2
2
2
10
1
1
2
1
1
2
2
1

$
6.77
$
6.24
$ 35.30
$
9.16
$ 17.76
$ 11.06
$
7.46
$
6.80
$
5.99
$
6.79
$
6.98
$
3.69
$
5.00
$
3.98
$ 10.48
$ 225.00
$ 801.81

Table 2. Tabulated cost of the multi plate
desalination unit.
Lastly, the Solar Desalination Unit was design to utilize 6hr of 800 watts/m^2 and
the location in Los Osos briefly peaked at 700 watts/m^2 each day. The amount
of energy entering the system reduced the total output of water. Either larger
solar collectors are needed or different weather. After rechecking initial
calculation, I believe the variation in result was partly from my over estimation of
available incoming radian. The wrong column was used in the estimation, it was
the ABS radiation then other columns adjusted for tilt. Either way the more
energy must be funned into the solar still to make it produce greater quantities
of water.
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RECOMMENDATIONS
Overall the construction of the solar desalination unit proved exceedingly more
difficult than first expected. The ReflecTech film was designed to adhere to
metal surfaces and not fiberglass which lead to bubbling. I believe this greatly
affected the efficiency of the solar trough.
The solar desalination is feasible technology. The accuracy required to create
an efficient solar trough was higher then first anticipated. The fiberglass basking
used did not tightly fit the plywood batons and the ReflecTech did not adhere
to the surface well. A major improvement would be to use an aluminum sheet
as the backing. The aluminum would greatly increased the adhesion of the
ReflecTech and allow for more accurate tracing the parabolic shape.
Using quality parts became issue, the low draw electric pump ordered came
defective. Unfortunately the problem was noticed a month after it was
purchased. The rubber impellor connection to the drive shaft was faulty and
freely spinning. After two types of industrial adhesive the problem was
remedied, yet simply buying a quality product would have saved hours of
frustration.
Instead of using an electric pump for circulation, one could use natural water
movement caused by the different temperature liquids. This would involve
setting the Multi Plate Still above the solar trough and larger diameter hoses.
Naturally hot water rises and cooler water sinks, so as the coolant warmed it
would naturally travel upwards to the still, once cooled it would then be allowed
to sink, reentering the solar trough. The larger diameter hoses reduce internal
friction of coolant movement.
A more efficient method to connect the layers together would improve the
clean ability. Currently there are 100 bolts to completely disassemble the system
which take 30 min with power tools. I envision a quick latch system as seen on
military cases. Turn latches are much quicker over nuts and bolts.
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Appendix A
How Project Meets Requirements for the BRAE Major
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Major Design Experience
The BRAE senior project must incorporate a major design experience. Design is
the
process of devising a system, component, or process to meet specific needs.
The design
process typically includes fundamental elements as outlined below. This project
addresses these issues as follows.
Establishment of Objectives and Criteria. Project objectives and criteria are
established to meet the needs and expectation set forth in the “Deigns
Parameters and Constraints” section below for the specific objectives for the
project.
Synthesis and Analysis. The project incorporates thermodynamic calculation;
the latent heat of vaporization, heat transfer and solar absorption calculations.
Construction, Testing and Evaluation. The solar desalination units was designed,
constructed, tested and evaluated.
Incorporation of Applicable Engineering Standards. The project will utilized AISC
standards for allowable stresses and NIST for allowable heat/heat transfer.
Capstone Design Experience
The BRAE senior project is an engineering design project based on the
knowledge and
skills acquired in earlier coursework (Major, Support and/or GE courses). This
project
incorporates knowledge/ skills from these key courses.
BRAE 129 Lab Skills/Safety
BRAE 133 Engineering Graphics
BRAE 152 SolidWorks
BRAE 234 Mechanical Systems
BRAE 421/422 Equipment Engineering
BRAE 435 Bioconversion
BRAE 234 Mechanical Systems
BRAE X320 Engineering
ME 302 Thermodynamics
CE 201/204/206 Strength of Materials
ENGL 149 Technical Writing
Design Parameters and Constraints
This project addresses a significant number of the categories of constraints listed
below.
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Physical. The entire still with holding tanks must fit on a ship deck 3ft by 10ft. Our
goal is to produce 3 liters or more per day. Only a holding tank for the days
production of water will be included in the design, the main fresh tank will be
pre-integrated into the ship.
Economic. The cost of construction must not exceed $1,500. The unit should be
easy to operate. The project successfully met these goals.
Environmental. A benefit of the project will be to reduce the electrical power
needed on a sailing ship in turn reduction the need for power generation.
Utilizing solar energy as a form of sustainable renewable energy supply.
Sustainability. Solar power is the most plentiful renewable resource on earth; this
solar still will take full advantage of this energy source. With the solar desalination
unit, people without a stable electrical supply grid will have the ability to
produce clean fresh water.
Manufacturability. The solar still could become a manufactured product
although at the moment the intention is just for a prototype.
Health and Safety. Currently the solar collector operates below boiling and with
relatively few safety measures except for insulation. All material are food grade
to insure the quality of potable water. Future plans include installing a second
parabolic trough to running in series to drastically increase the output
temperature. Once this occurs pressure reliefs and temperature regulation will
become an issue.
Ethical. N/A
Social. N/A
Political. Utilizing renewable resources and reducing air pollution.
Other - Productivity. The primary goal of the solar still is to exceed 3 liters of clean
water per day while still remaining within size requirements.
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Appendix B
Design Calculations
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June Solar Radiation From Table
But/Ft^2Watts
hr
/M^2
Time
9:00:00 AM
261
822.49
10:00:00 AM
271
854.01
11:00:00 AM
277
872.91
12:00:00 AM
279
879.22
1:00:00 PM
277
872.91
2:00:00 PM
271
854.01
3:00:00 PM
261
822.49
4:00:00 PM
241
759.47
Average
842.19

Table 3. Solar Radiation Data From
Fenstration.
Solar Collector Area= 3ft by 4ft = 12ft^2
Solar Collector Area=1.2 m^2
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Design duration= 7 hr
Average Radiation=842.19 watts/m^2
Total energy entering the system over the period
842.19 watts/m^2 *1.2 m^2*7 hr*3600=23660360.2 Jules
Reduce for losses by 30% =16562252.1 Jules
Specific heat for water is 4186 J/(kg*°C)
Latent heat of vaporization is 22.6e5
The 3 stage were estimated to contain 4 liter of water
The base was estimated to contain 6 liters including heat exchanger system
Total water to heat to 80 C
18L
Staring temp= 20 C
Final Temp = 80 C
Energy needed to raise water along
(80C -20C)* 4186 J/(kg*°C)* 18L (Kg/L)= 4520880 Jules
Energy left for vaporization of water
16562252.1 Jules -4520880 Jules =12041372.1 Jules

Total possible Kg of water to be vaporized
12041372.1 Jules/22.6e5 (J/kg)= 7.3 Kg Water
Parabolic Trough Calculation
equation used y=x^2/(4f)
Where f=8 in
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Tables used to map the parabolic shape onto the plywood
Distance from
center (in)
-18
-17
-16
-15
-14
-13
-12
-11
-10
-9
-8
-7
-6
-5
-4
-3
-2
-1
0
1
2
3
4
5
6
7
8

Vertical
Distance (in)
10.13
9.03
8.00
7.03
6.13
5.28
4.50
3.78
3.13
2.53
2.00
1.53
1.13
0.78
0.50
0.28
0.13
0.03
0.00
0.03
0.13
0.28
0.50
0.78
1.13
1.53
2.00
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9
10
11
12
13
14
15
16
17
18

2.53
3.13
3.78
4.50
5.28
6.13
7.03
8.00
9.03
10.13

Table 4. Cut Patter for the parabolic
trough.
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Appendix C
Construction Drawings
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